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(57)Abstract: 

PURPOSE: To provide a small-sized and low-cost 
optical module abundant in productivity. 
CONSTITUTION: An optical module is provided with a 
light emitting element array 12 arranged with light 
emitting elements 1 1 at a uniform interval, an optical 
fiber array 14 arranged with optical fibers 13 at the same 
interval as the interval of the light emitting elements 1 1 
of the light emitting element array 12, and a lens array 
16 arranged between the light emitting element array 12 
and the optical fiber array 14 and having the refraction 
factor distribution 1 5 at the cycle of the same interval 
as the interval of the light emitting elements 1 1 and the 
optical fibers 13. A base member 10 is formed with 
multiple optical fiber holding grooves 1 7 holding the 
optical fibers 13 and a lens array holding groove 18 
perpendicular to the optical fiber holding grooves 17 and 
holding the lens array 16. The optical fiber array 14, lens 
array 16, and light emitting element array 12 are 
arranged on the base member 10 so that their optical 
axes are set in the same plane. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Between the aforementioned light emitting device of the light-emitting-device array by which the light 
emitting device was arranged with regular intervals, and this light-emitting-device array, the optical fiber array by 
which the optical fiber was arranged at this interval, the aforementioned light-emitting-device array, and the 
aforementioned optical fiber array In the optical module equipped with the lens array which is arranged and has a 
refractive-index distribution with the period of the aforementioned light emitting device and the aforementioned optical 
fiber, and this interval Two or more slots for optical fiber maintenance holding each aforementioned optical fiber and 
the slot for lens array maintenance which holds the nothing aforementioned lens array for a right angle to this slot for 
optical fiber maintenance are formed upwards, the base — a member — the optical axis of these each comes the 
aforementioned optical fiber array, the aforementioned lens array, and the aforementioned light-corpuscle child array 
in the same flat surface ~ as — the aforementioned base - a member - the optical module characterized by arranging 
upwards 

[Claim 2] The mask for ion transparency prevention made to arrange with regular intervals in accordance with the 
cylinder shaft orientations is formed in the front face of the transparent member of the shape of a cylinder containing 
the ion which gives a high refractive index or a low refractive index. A part of aforementioned transparent member is 
replaced by the ion exchange or the ion which carries out an ionic diffusion and gives a low refractive index or a high 
refractive index through opening of this mask for ion transparency prevention. The manufacture method of the lens 
array characterized by forming the refractive-index distribution of the request periodically changed in accordance with 
the cylinder shaft orientations of the aforementioned transparent member with heat treatment. 
[Claim 3] the base which consists of a crystal substrate — the optical module according to claim 1 characterized by 
having considered as the member and considering as the slot for optical fiber maintenance and the slot for lens array 
maintenance which were formed by the technique of anisotropic etching on the aforementioned crystal substrate 
[Claim 4] the base reproduced with the resin hardened with light or heat by using as a mold the crystal substrate which 
formed the slot for optical fiber maintenance, and the slot for lens array maintenance by the technique of anisotropic 
etching — the optical module according to claim 1 characterized by considering as a member 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of the optical module used for optical 

communication etc., and its lens array. 

[0002] 

[Description of the Prior Art] As first conventional example of this kind of optical module, there are the 1992 
electronic-intelligence communication society spring convention, lecture collected works, and an optical module 
indicated by C-269. The optical fiber array 3 by which the V groove formed at equal intervals of the technique of the 
anisotropic etching of silicon on the crystal substrate 1 was loaded with the optical fiber 2 as this showed drawing 3 , It 
installs in members 6 and 7. the semiconductor laser diode (Laser Diode) array 5 by which the light emitting device 
was arranged at equal intervals on the maintenance substrate 4 — the individual base - the lens array 8 — minding - 
after alignment and the base — it fixes by laser- welding 9 grade, and a member 6 and seven comrades are modularized 
[0003] Moreover, there is a monotonous micro lens indicated by the 1985 autumn, the 46th Japan Society of Applied 
Physics academic lecture meeting, the collection of lecture drafts, and 2 p-L -7 as the second conventional example. By 
carrying out the selective diffusion of the dopant into a monotonous substrate, this bundles up a microlens in the shape 
of a two dimensional array, and forms it. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since it is necessary to perform two-dimensional alignment in the 
case of the first conventional example, work becomes complicated, and productivity becomes bad and serves as cost 
quantity, and the individual base — a module will become large, if it considers mounting on electrical circuits, such as a 
PCB (Printed Circuit base Board) substrate, etc., since the optical fiber array 3, the LD array 5, and the lens array 8 are 
held to members 6 and 7 

[0005] Moreover, while a lens array like a monotonous micro lens can form a lens easily in the shape of two- 
dimensional in the case of the second conventional example, in case it uses as a 1 -dimensional lens array, it is 
necessary to process the configuration of having been further suitable for the module. 

[0006] TTien, this invention tends to offer the lens array suitable for the small module while it is rich in productivity 

and offers small and an optical low cost module. 

[0007] 

[Means for Solving the Problem] In invention according to claim 1 Between the aforementioned light emitting device 
of the light-emitting-device array by which the light emitting device was arranged with regular intervals, and this light- 
emitting-device array, the optical fiber array by which the optical fiber was arranged at this interval, the 
aforementioned light-emitting-device array, and the aforementioned optical fiber array In the optical module equipped 
with the lens array which is arranged and has a refractive-index distribution with the period of the aforementioned light 
emitting device and the aforementioned optical fiber, and this interval Two or more slots for optical fiber maintenance 
holding each aforementioned optical fiber and the slot for lens array maintenance which holds the nothing 
aforementioned lens array for a right angle to this slot for optical fiber maintenance are formed upwards, the base ~ a 
member — the optical axis of these each comes the aforementioned optical fiber array, the aforementioned lens array, 
and the aforementioned light-corpuscle child array in the same flat surface - as — the aforementioned base - a member 
— it arranged upwards 

[0008] In invention according to claim 2, under the present circumstances, as the manufacture method of a lens array 
The mask for ion transparency prevention made to arrange with regular intervals in accordance with the cylinder shaft 
orientations is formed in the front face of the transparent member of the shape of a cylinder containing the ion which 
gives a high refractive index or a low refractive index. A part of aforementioned transparent member is replaced by the 
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.„„ exchange or the ion whieh carries ou. an ionic difftsion and ^£Z££££S^%Z^ 
heat treatment was formed. _^u w e v A11 i^ mn^isted of a crystal substrate and the 

Kr»:^^ 

substrate by the technique of anisotropic etching. j substrate 

technique of anisotropic etching to reproduce in invention according to claim 4. 

an optical module, low-cost-izing, and improvement in P™"^* fl the lens ^ suit able for the 

[0012] In invention according to claim 2, it becomes possible to manufacture easily the lens array 

miniaturization of an optical module. nntical fiber maintenance, and the slot 

the productivity of an optical module further. 
[Example^ 

indicates the structure of the optical module of this example to be -- it is the base m ^ j and 

10 The light-emitting-device array 12 by which the light emitt ng device 1 1 arranged wiu l regu 
Jhe aforementioned light emitting device 1 1 of this 16 
which the optical fiber 13 was arranged at this .interval, The ^^^^^^^^^^^ Optical fiber 
which is arranged between the aforementioned ^t-emmihg-de^ce array 2 and ^ P 

TooXif it exp,ains concretely - the aforementioned 

V grooves (slot for optical fiber array ^^^f ^ vSSSSrt^S^U maintenance) 18 of a cross- 
arranged the end and was arranged with regular intervals, and V ^°^siot lorie formed Each G f 
section the configuration of V characters which makes a ^to^^ 8 ^^^^^^ fiber array 
aforementioned V groove 17 is loaded with ^.'^f h ^ i ^^^S^^^s^i B ^ type lens 
14 is formed and aforementioned V groove 18 is loaded with ^^^^^^^^ of this 
array 16. Moreover, it is made to counter ^^S^S^ array 12 is arranged, 
distribution refractive-index type lens array 16, and * e ™ r ^*"™ Sefn for holding each optical fiber 13 of 
[0017] such composition - setting - first --the base - two ^^^^^J^^^ type lens array 16 for a 
he optical fiber array 14 and V groove 1 8 for holding the the base - as a member 
right angle to these V grooves 17 are formed on a ™emb^ 1° under the ^^"^^strate - SiG2 If 
10 - a substrate front face - as Si crystal substrate of a fiel ° 000) and ^ e "^^fom V grooves 17 and 18 with a 

mounted. It becomes possible to control the position of a emitting device 1 1 cone y y * 
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Diode) is now assumed as a light emitting device 1 1 here, after turning on LD or Light Emitting Diode, V groove 18 
will be loaded with the distribution refractive-index type lens array 16, and, subsequently to V groove 17, it will load 
with each optical fiber 13 of the optical fiber array 14. And after adjusting the distribution refractive-index type lens 
array 1 6 and the optical fiber array 14, carrying out the monitor of the output light from each outgoing end of an optical v 
fiber 13, it fixes to V grooves 17 and 18, respectively. The pasting-up method by the good photoresist of operability is 
used for this fixed method. 

[0018] thus - this example — the one base, while forming V grooves 17 and 18 which make a right angle mutually on a 
member 10 and making each optical fiber 13 of the optical fiber array 14 guide to V groove 17 making the distribution 
refractive-index type lens array 16 guide to V groove 18 — the light-emitting-device array 12, the optical fiber array 14, 
and the distribution refractive-index type lens array 16 - the same base, since it becomes what can be easily arranged 
on a member 1 0 such optics — the alignment of a member becomes easy and it becomes possible to aim at 
miniaturization of an optical module, low-cost-izing, and improvement in productivity moreover, the base - you may 
use for a member 10 what was reproduced with the resin hardened with light or heat by using as a mold the above- 
mentioned Si crystal substrate in which V grooves 17 and 18 were formed according to this — the base - the mass- 
production nature of a member 1 0 becomes good, and it becomes possible to raise the productivity of an optical 
module of it further 

[0019] Then, the manufacture method of the distribution refractive-index type lens array 16 is explained based on 
drawing 2 . First, the transparent glass member (transparent member) 22 of the shape of a cylinder containing the ion 
which gives a high refractive index as a material of the distribution refractive-index type lens array 16 is used, and it is 
shown in drawing 2 (a) — as — the technique of photo lithography — glass - the mask layer 23 for ion transparency 
prevention which the peripheral surface of a member 22 was made to arrange at equal intervals in accordance with the 
cylinder shaft orientations — forming — the opening 24 of this mask layer 23 for ion transparency prevention — 
minding — the ion exchange — carrying out - glass — a part of ion which gives the high refractive index in a member 
22, and the ion which gives a low refractive index are replaced the refractive-index distribution 15 of a request with 
heat treatment using [ corresponding to the need, as shown in this drawing (b) here ] the heater 25 — glass — it forms in 
the interior of a member 22 thus, the manufactured distribution refractive-index type lens array 16 — glass - it will 
have a convex lens function according to the effect of refraction by the peripheral surface of a member 22, and the 
effect of refraction by the refractive-index distribution 1 5 of the interior then, glass — by changing the refractive-index 
distribution 15 to the cylinder shaft orientations of a member 22 periodically, as shown in this drawing (c), it becomes 
possible to form easily the distribution refractive-index type lens array 16 of a single dimension in addition, the glass 
of the shape of a cylinder which contains the ion which gives a high refractive index by the manufacture method of the 
distribution refractive-index type lens array 16 of this example - the glass of the shape of a cylinder which contains the 
ion which gives a low refractive index although a part of member 22 was replaced with the ion which gives a low 
refractive index - a member 22 — using ~ this glass — it can carry out similarly by the method of replacing a part of 
member 22 with the ion which gives a high refractive index 

[0020] By using such a manufacture method, it becomes possible at this example to form easily the distribution 
refractive-index type lens array 16 suitable for the miniaturization of an optical module, therefore, the base which 
reproduces with a resin etc. by using this distribution refractive-index type lens array 16 and the above-mentioned 
crystal substrate as a mold, and is obtained — if a member 10 is used together, it will become possible to raise the 
productivity of an optical module further 
[0021] 

[Effect of the Invention] According to invention according to claim 1 Between the aforementioned light emitting 
device of the light-emitting-device array by which the light emitting device was arranged with regular intervals, and 
this light-emitting-device array, the optical fiber array by which the optical fiber was arranged at this interval, the 
aforementioned light-emitting-device array, and the aforementioned optical fiber array In the optical module equipped 
with the lens array which is arranged and has a refractive-index distribution with the period of the aforementioned light 
emitting device and the aforementioned optical fiber, and this interval Two or more slots for optical fiber maintenance 
holding each aforementioned optical fiber and the slot for lens array maintenance which holds the nothing 
aforementioned lens array for a right angle to this slot for optical fiber maintenance are formed upwards, the base « a 
member - It arranges upwards, the optical axis of these each comes the aforementioned optical fiber array, the 
aforementioned lens array, and the aforementioned light-corpuscle child array in the same flat surface — as — the 
aforementioned base — a member — the one base — a member, since it was made to make each optical fiber of an 
optical fiber array, and a lens array guide to the slot for optical fiber maintenance and the slot for lens array 
maintenance which were formed upwards It becomes what can be arranged easily upwards, an optical fiber array, a 
lens array, and a light-emitting-device array — the same base — a member - thereby The alignment between an optical 
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fiber array, a lens array, and a light-emitting-device array becomes easy, and can aim at miniaturization of an optical 
module, low-cost-izing, and improvement in productivity. 

[0022] According to invention according to claim 2, under the present circumstances, as the manufacture method of a 
lens array The mask for ion transparency prevention made to arrange with regular intervals in accordance with the 
cylinder shaft orientations is formed in the front face of the transparent member of the shape of a cylinder containing 
the ion which gives a high refractive index or a low refractive index. A part of aforementioned transparent member is 
replaced by the ion exchange or the ion which carries out an ionic diffusion and gives a low refractive index or a high 
refractive index through opening of this mask for ion transparency prevention. Since the refractive-index distribution 
of the request periodically changed in accordance with the cylinder shaft orientations of the aforementioned transparent 
member with heat treatment was formed, the lens array suitable for the miniaturization of an optical module can be 
manufactured easily. 

[0023] Moreover, since according to invention according to claim 3 a base member shall be consisted of a crystal 
substrate and the slot for optical fiber maintenance and the slot for lens array maintenance were formed on the 
aforementioned crystal substrate by the technique of anisotropic etching, it can become what can form the slot for 
optical fiber maintenance, and the slot for lens array maintenance with an easily and sufficient precision, and, thereby, 
the productivity of an optical module can be raised further. 

[0024] furthermore — since it was made for the resin hardened with light or heat by using as a mold the crystal 
substrate which formed the slot for optical fiber maintenance and the slot for lens array maintenance for the base 
member by the technique of anisotropic etching to reproduce according to invention according to claim 4 — the base — 
the mass-production nature of a member can become good and, thereby, can raise the productivity of an optical module 
further 
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[Procedure revision] 

[Filing Date] June 24, Heisei 1 1 (1999. 6.24) 
[Procedure amendment 1 ] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] Claim 1 . 
[Method of Amendment] Change. 
[Proposed Amendment] 

[Claim 1] Be arranged between the aforementioned light emitting device of the light-emitting-device array by which 
the light emitting device was arranged with the predetermined interval, and this light-emitting-device array, the optical 
fiber array by which the optical fiber was arranged at this interval, the aforementioned light-emitting-device array, and 
the aforementioned optical fiber array, and set to the optical module equipped with the aforementioned light emitting 
device and the aforementioned optical fiber, and the lens array that has a refractive-index distribution with the period 
of this interval, the base — a member — two or more slots for optical fiber maintenance holding each aforementioned 
optical fiber and the slot for lens array maintenance which holds the nothing aforementioned lens array for a right angle 
to this slot for optical fiber maintenance are formed upwards, and the optical axis of these each comes the 
aforementioned optical fiber array, the aforementioned lens array, and the aforementioned light-corpuscle child array 
in the same flat surface — as - the aforementioned base ~ a member - the optical module characterized by to arrange 
upwards 

[Procedure amendment 2] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] Claim 2. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[Claim 2] Form the mask for ion transparency prevention made to arrange with a predetermined interval in accordance 
with the cylinder shaft orientations in the front face of the transparent member of the shape of a cylinder containing the 
ion which gives a high refractive index or a low refractive index, and mind opening of this mask for ion transparency 
prevention. The manufacture method of the lens array characterized by replacing a part of aforementioned transparent 
member by the ion exchange or the ion which carries out an ionic diffusion and gives a low refractive index or a high 
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refractive index, making it change with heat treatments in accordance with the cylinder shaft orientations of the 

aforementioned transparent member, and forming a desired refractive-index distribution. 

[Prpcedure amendment 3] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] 0007. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[0007] 

[Means for Solving the Problem] In invention according to claim 1 Between the aforementioned light emitting device 
of the light-emitting-device array by which the light emitting device was arranged with the predetermined interval, and 
this light-emitting-device array, the optical fiber array by which the optical fiber was arranged at this interval, the 
aforementioned light-emitting-device array, and the aforementioned optical fiber array In the optical module equipped 
with the lens array which is arranged and has a refractive-index distribution with the period of the aforementioned light 
emitting device and the aforementioned optical fiber, and this interval Two or more slots for optical fiber maintenance 
holding each aforementioned optical fiber and the slot for lens array maintenance which holds the nothing 
aforementioned lens array for a right angle to this slot for optical fiber maintenance are formed upwards, the base — a 
member — the optical axis of these each comes the aforementioned optical fiber array, the aforementioned lens array, 
and the aforementioned light-corpuscle child array in the same flat surface as - the aforementioned base — a member 
~ it arranged upwards 
[Procedure amendment 4] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0008. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0008] In invention according to claim 2, under the present circumstances, as the manufacture method of a lens array 
The mask for ion transparency prevention made to arrange with a predetermined interval in accordance with the 
cylinder shaft orientations is formed in the front face of the transparent member of the shape of a cylinder containing 
the ion which gives a high refractive index or a low refractive index. Replace a part of aforementioned transparent 
member by the ion exchange or the ion which carries out an ionic diffusion and gives a low refractive index or a high 
refractive index through opening of these masks for ion transparency prevention, it is made to change with heat 
treatments in accordance with the cylinder shaft orientations of the aforementioned transparent member, and the 
desired refractive-index distribution was formed. 
[Procedure amendment 5] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0017. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0017] such composition — setting - first — the base — two or more V grooves 17 for holding each optical fiber 13 of 
the optical fiber array 14 and V groove 18 for holding the nothing distribution refractive-index type lens array 16 for a 
right angle to these V grooves 1 7 are formed on a member 1 0 under the present circumstances, the base — as a member 
10 - a substrate front face — as Si crystal substrate of a field (100), and the mask of this crystal substrate — Si02 If 
KOH solution is used as a thin film and an etching reagent, it will become possible to form V grooves 17 and 1 8 with a 
sufficient precision simply on a crystal substrate by the technique of anisotropic etching. Subsequently, after forming 
the electrodes 19 and 20 corresponding to each light emitting device 1 1 of the light-emitting-device array 12 using 
usual photo lithography and the usual usual thin film coating technology, the light-emitting-device array 12 is 
mounted. It becomes possible to control the position of a light emitting device 1 1 correctly by using in this case, for 
example, the pewter bump who shows in drawing 1 (b), or mounting the light-emitting-device array 12 using the self- 
alignment effect at the time of a flow. First, if LD (Laser Diode) or Light Emitting Diode (Light Emitting Diode) is 
now assumed as a light emitting device 1 1 here, after turning on LD or Light Emitting Diode, V groove 1 8 will be 
loaded with the distribution refractive-index type lens array 16, and, subsequently to V groove 17, it will load with 
each optical fiber 13 of the optical fiber array 14. And after adjusting the distribution refractive-index type lens array 
16 and the optical fiber array 14, carrying out the monitor of the output light from each outgoing end of an optical fiber 
13, it fixes to V grooves 17 and 18, respectively. The pasting-up method by the good photoresist of operability is used 
for this fixed method. 
[Procedure amendment 6] 
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[Document to be Amended] Specification. 
[Item(s) to be Amended] 0019. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0019] Then, the manufacture method of the distribution refractive-index type lens array 16 is explained based on 
drawing 2. First, the transparent glass member (transparent member) 22 of the shape of a cylinder containing the ion 
which gives a high refractive index as a material of the distribution refractive-index type lens array 16 is used, and it is 
shown in drawing 2 (a) as - the technique of photo lithography - glass - the mask layer 23 for ion transparency 
prevention which the peripheral surface of a member 22 was made to arrange at the predetermined intervals in 
accordance with the cylinder shaft orientations — forming - the opening 24 of this mask layer 23 for ion transparency 
prevention ~ minding — the ion exchange — carrying out — glass — a part of ion which gives the high refractive index 
in a member 22, and the ion which gives a low refractive index are replaced the refractive-index distribution 15 of a 
request with heat treatment using [ corresponding to the need, as shown in this drawing (b) here ] the heater 25 - glass 

— it forms in the interior of a member 22 thus, the manufactured distribution refractive-index type lens array 16 - glass 

— it will have a convex lens function according to the effect of refraction by the peripheral surface of a member 22, and 
the effect of refraction by the refractive-index distribution 15 of the interior then, glass ~ by changing the refractive- 
index distribution 15 to the cylinder shaft orientations of a member 22 periodically, as shown in this drawing (c), it 
becomes possible to form easily the distribution refractive-index type lens array 16 of a single dimension in addition, 
the glass of the shape of a cylinder which contains the ion which gives a high refractive index by the manufacture 
method of the distribution refractive-index type lens array 16 of this example - the glass of the shape of a cylinder 
which contains the ion which gives a low refractive index although a part of member 22 was replaced with the ion 
which gives a low refractive index - a member 22 - using - this glass - it can carry out similarly by the method of 
replacing a part of member 22 with the ion which gives a high refractive index 

[Procedure amendment 7] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] 0021. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[0021] 

[Effect of the Invention] According to invention according to claim 1 Between the aforementioned light emitting 
device of the light-emitting-device array by which the light emitting device was arranged with the predetermined 
interval, and this light-emitting-device array, the optical fiber array by which the optical fiber was arranged at this 
interval, the aforementioned light-emitting-device array, and the aforementioned optical fiber array In the optical 
module equipped with the lens array which is arranged and has a refractive-index distribution with the period of the 
aforementioned light emitting device and the aforementioned optical fiber, and this interval Two or more slots for 
optical fiber maintenance holding each aforementioned optical fiber and the slot for lens array maintenance which 
holds the nothing aforementioned lens array for a right angle to this slot for optical fiber maintenance are formed 
upwards, the base — a member — It arranges upwards, the optical axis of these each comes the aforementioned optical 
fiber array, the aforementioned lens array, and the aforementioned light-corpuscle child array in the same flat surface - 
as - the aforementioned base — a member — the one base - a member, since it was made to make each optical fiber of 
an optical fiber array, and a lens array guide to the slot for optical fiber maintenance and the slot for lens array 
maintenance which were formed upwards It becomes what can be arranged easily upwards, an optical fiber array, a 
lens array, and a light-emitting-device array ~ the same base - a member - thereby The alignment between an optical 
fiber array, a lens array, and a light-emitting-device array becomes easy, and can aim at miniaturization of an optical 
module, low-cost-izing, and improvement in productivity. 
[Procedure amendment 8] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0022. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0022] According to invention according to claim 2, under the present circumstances, as the manufacture method of a 
lens array The mask for ion transparency prevention made to arrange with a predetermined interval in accordance with 
the cylinder shaft orientations is formed in the front face of the transparent member of the shape of a cylinder 
containing the ion which gives a high refractive index or a low refractive index. A part of aforementioned transparent 
member is replaced by the ion exchange or the ion which carries out an ionic diffusion and gives a low refractive index 
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* . .... 

or a high refractive index through opening of this mask for ion transparency prevention. Since it is made to change 

with heat treatments in accordance with the cylinder shaft orientations of the aforementioned transparent member and 

the jdesired refractive-index distribution was formed, the lens array suitable for the miniaturization of an optical module 

can be manufactured easily. 
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